A multidimensional poverty assessment requires a weighting scheme to aggregate the well-being dimensions considered. We use Alkire and Foster's (2011a) framework to discuss the channels through which a change of the weighting structure affects the outcomes of the analysis in terms of overall poverty assessment, its dimensional and subgroup decomposability and policy prescriptions. We exploit the Survey on Health, Ageing and Retirement in Europe to evaluate how alternative weighting structures affect the measurement of poverty for the population of over 50s in ten European countries.
Introduction
During the past decades it has been gradually recognized that the concept of well-being cannot be comprehensively captured by any conventional unidimensional indicator based on income, consumption or expenditure (Nussbaum, 2001; Sen, 1985) . Focusing on a unique dimension keeps blind of the information about the overall life quality, of which it might be worthwhile for policy-makers to keep track given that pursuing well-being rather than wealth itself appears to be the ultimate goal of human society (Ruger 2010) .
Although the multidimensional perspective on well-being measurement moves beyond the focus on a single indicator, it is still far from reaching an agreement on how to translate this perspective into practice. One of the complex and highly debatable issues emerging in a multidimensional context of well-being research lies in how to set the relative weights across the dimensions. Summarizing the achievements with respect to different wellbeing dimensions in a single indicator is needed to measure the diffusion of poverty, defined as pronounced deprivation in well-being, within a population. This paper is aimed at showing how the adoption of different weighting schemes affects the outcomes of a multidimensional poverty study. We frame our analysis in the Alkire and Foster's multidimensional poverty framework (Alkire and Foster, 2011a) .
According to this approach, well-being dimensions are described by a set of one or more indicators. The achievements with respect to the whole battery of indicators can be aggregated into a single well-being score according to a weighting structure specified a priori.
Poor households are those whose well-being scores fail to reach a minimum threshold. Alkire and Foster (2011a) propose a poverty measure, the adjusted headcount ratio, that reflects prevalence of poverty in the population and the intensity of the poverty among the poor. This measure can be decomposed in order to assess both the contribution of each dimension to overall poverty and how poverty varies across subgroups.
We analytically show that the variation in the adjusted headcount ratio induced by a change in the weighting scheme depends on the difference between weighting schemes, on the achievements of the households whose poverty status varies with the weighting structure adopted, and on the achievements of those that are classified as poor regardless of the weighting structure. The flows in and out of poverty can play a major role in explaining variation in multidimensional poverty measure. This result emphasizes a key characteristic of Alkire and Foster's approach. As the intensity of poverty is determined by the poverty level of the households classified as poor, the dimensional and subgroup decomposition reflects the achievements of this set of households by dimension or group. Different sets of poor households do not necessarily have the same achievements by dimension or group. Then, the change in the weighting scheme might have a direct effect on the results of dimensional and subgroup decompositions via a change in the weights but also an indirect effect induced by the change in the set of households classified as poor.
Finally, we provide a formal result showing that policy makers who want to reduce poverty by providing support in specific domains should not set their priorities merely accordingly to the weighting scheme adopted, but they should also take into account the distribution of the achievements in the population.
How poverty assessments and the choice of key-indicators for anti-poverty policies are affected by the weighting scheme remains an empirical issue. To this end, we draw data from the second wave of the Survey of Health, Ageing and Retirement in Europe (SHARE) to analyse the poverty of the elderly by a multidimensional poverty assessment exercise under alternative weighting schemes. The socio-economic inclusion of the elderly in Europe is an issue receiving an increasing attention by policy makers given the current and future demographic trends that are boosting the proportion of older individuals in European societies. Our analysis will investigate the socio-economic inclusion of the elderly in Europe according to a multidimensional approach explicitly designed at identifying the elderly individuals living in poverty and assessing the factors that contribute most to their status. SHARE is a cross-country dataset suited to analyze such issues since it is based on a representative sample of individuals aged 50 or more living in Europe and administers a multi-disciplinary questionnaire covering important aspects expected to be relevant determinants of socio-economic exclusion, such as health, employment, financial situation, social and family networks. Decanq and Lugo (2013) surveyed three main classes of weights: normative, datadriven and hybrid. Normative weights are based on an explicit value judgment of analysts about the trade-offs between the well-being dimensions. Data-driven weights are based on the actual distribution of the achievements in the society with respect to the indicators of interest.
Hybrid weights combine value judgements and statistical facts. They lie in the middle between defining weights by arbitrary decisions of analysts and letting data distribution be the only criterion used.
In our exercise, we follow the classification by Decanq and Lugo (2013) and choose one example for each of these classes. As for normative weights, we use equal weighting, which is the weighting scheme most widely used in measuring multidimensional well-being due to its simplicity 1 . We follow the Human Development Index and Multidimensional Poverty Index to assign equal weights to each dimension and equal weights to each indicator 1 It has been employed in approximate 50% of literatures according to the summary provided by Decancq and Lugo (2013). in each dimension (UNDP, 2011) . 2 Within the class of data-driven weights, we adopt he frequency weights, which are motivated by the idea that, when assessing well-being, individuals put a high value on the shortfalls where the majorities do not fall short. We follow Desai and Shah (1988) to set the weight of a given indicator as the corresponding proportion of the non-deprived in the society. Finally, within the hybrid class, we choose the hedonic weights. Fleurbaey et al. (2009) propose to derive hedonic weights using life satisfaction selfassessments of respondents as a source of information for value judgments about well-being.
Many social-science surveys ask respondents to rate their satisfaction with life according to a predetermined scale usually spanning from "very dissatisfied" to "very satisfied". Life satisfaction self-assessments have been widely used in the applied research focusing on wellbeing determinants (see for instance Frey and Stutzer, 2002 and Dolan et al., 2008) . We follow Fleurbaey et al. (2009) and derive two alternative sets of hedonic weights by first regressing the life satisfaction self-assessments of respondents on a set of variables representing the indicators involved in the well-being score and, secondly, allowing for household and individual characteristics. The estimates of the coefficients on the indicators are used to derive their corresponding weights. Unlike equal weighting, in this approach the value judgement about dimension trade-offs is not set a priori by researchers but comes from the opinions of the individuals in the population of interest.
When dealing with self-reported life satisfaction data it is important to recognize that as a subjective measure, its variability across socioeconomic groups can be ascribed to genuine differentials in well-being (Schokkaert, 2007) as well as heterogeneity in the way in which individuals with different characteristics interpret the scale used to provide selfassessments. As an example, two individuals might have different expectations about the conditions that should realize to self-define as satisfied with their lives. Then, even if they experience the same level of well-being, they might produce different self-assessments due to their different reporting styles. Neglecting such heterogeneity when studying life satisfaction determinants might end up with assigning to an explanatory variable a biased role coming from the combination between its relationship with the reporting style used in life-satisfaction self-assessments and its actual role in explaining genuine differences in well-being (see King et al., 2004 and Angelini et al. 2012 and in press) .
The second wave of SHARE provides us with a survey-instrument designed to take into account heterogeneity in the reporting styles used in collecting subjective data on life satisfaction. This approach is based on anchoring vignettes. A representative subsample of SHARE respondents is asked to report their own life satisfaction self-assessments along with 2 It can be set equally either at the dimension level or at the indicator level. Inherently, it is an arbitrary approach regardless how we make it equal. their assessments about the life satisfaction of hypothetical individuals described in vignettes kept constant across respondents. Differences in vignette-evaluations provided by respondents can then be of use to identify heterogeneity in reporting styles and disentangle such variability from actual differentials in well-being. We estimate a third set of hedonic weights based on the estimates of the relationship between indicators and life satisfaction self-assessments once heterogeneity in reporting styles is formally controlled for. Our results will be of help to shed light on the robustness of the results based on hedonic weights to the relaxation of the assumption of invariance of reporting styles in the population.
The paper is organised as follows. Section 2 describes Alkire and Foster's multidimensional poverty framework that our analysis is built on. In Section 3, we describe analytically the effects of changing the weighting scheme on the overall poverty measurement and on the prescriptions for the design of anti-poverty interventions. Section 4 is devoted to describe the approach we follow to derive the hedonic weights used in our analysis. Section 5 describes the data used in our empirical exercise and all the ingredients, but weights, involved in our application of the Alkire and Foster's multidimensional framework. Results are reported in Section 6. Section 7 presents our conclusions and policy implications. Sen (1976) concisely summarized two problems that must be faced in the poverty measurement: (1) the identification problem, i.e. how to choose the criterion of poverty and then distinguish those who fall into that criterion and those who do not; and (2) the aggregation problem, i.e. how to construct a poverty index using the available information on the poor. Dealing with these two issues is particularly challenging in a multidimensional framework. Alkire and Foster (2011a) tackle the identification problem by defining indicatorspecific thresholds -which refer to specific achievements -and an overall threshold, which refers to a comprehensive well-being score based on the achievements. Moreover, they adopt the Foster, Greer and Thorbecke (FGT, 1984) framework to handle the aggregation problem and deliver a methodology satisfying desirable properties for poverty measurement.
A framework for the multidimensional poverty assessment
Compared with other multidimensional poverty frameworks, the Alikire and Foster's strategy is superior since it allows exploiting the information coming from achievements measured even on ordinal and categorical scales.
In this paper we investigate the sensitivity of the multidimensional poverty index to alternative weighting structures in Alkire and Foster's framework, which consists of five key ingredients: the dimensions, the indicators, the indicator-specific thresholds, the overall threshold and the weighting structure. The overall well-being is assessed with respect to a set of dimensions. As far as which dimensions should be considered in the research and how to choose them, Sen (2004) gave the following guidelines: (1) focus on those that are of special importance to the society or people in question; (2) focus on those that are an appropriate focus for public policy, rather than a private good or a capability that cannot be influenced from outside. For each dimension, one or more indicators are selected to describe the achievements of the households with respect to particular aspects of the dimension in hand.
The nature and the number of the indicators used in each dimension depend on data availability and research purposes. Each indicator has its own threshold that determines whether the household meets the minimum standard with respect to that indicator; if not, we say the household is deprived in that indicator. Every household is therefore characterized by an achievement vector, each entry of which records the achievement status (dichotomised) of a given indicator. These entries are aggregated into a well-being score defined as the weighted sum of the single achievement statuses and measuring the household's overall wellbeing. Consequently, a household is identified as poor if and only if its overall well-being score does not reach a given threshold. As far as the identification problem got solved, a FGT poverty measure can be applied to generate a multidimensional poverty index. Evidently, poverty assessment depends on the (questionable) choice of these five components. In this paper we investigate to what extent the poverty assessment can be influenced by the choice of the weighting structures.
The units of our analysis are households. Each dimension, = 1,2 … , is described by indicators, ℎ denotes the achievement of household ℎ on the -th indicator of the dimension and every indicator has its own threshold, , to indicate the minimum standard.
Let be the weight of the -th indicator belonging to dimension , the weights sum up to 1,
. The Alkire and Foster's three-step identification procedure works as follows.
Step 1: dichotomise achievement with respect to each indicator for every household
The indicator-specific achievement status of household ℎ in terms of the -th indicator belonging to dimension , ℎ , is defined as
where (•) = 1 if expression is true; otherwise (•) = 0.
Step 2: define a household well-being score as the aggregation of the achievement statuses
Denote the overall well-being score of household ℎ as ℎ :
(2)
Step 2 solves the problem of aggregation across indicators as well as dimensions by defining a scalar well-being function as weighted average of ∑ =1 achievement statuses.
We thus refer to the debate in the well-being indices literature for the choice, interpretation and estimation of the weighting schemes (e.g. Decancq and Lugo, 2013; Schokkaert, 2007) .
For our purposes, it is relevant to stress that ℎ = � ℎ > � is not a derivable function of the achievement ℎ , and therefore the ratio of two weights cannot be interpreted as the marginal rate of substitution between two indicators. Nevertheless, the ratio of the weights has a natural interpretation. Considering the achievement statuses of the household h with respect to the indicator m of dimension p and the indicator l of dimension q and name them with ℎ and ℎ , respectively. Household ℎ's well-being score can be written as
is the well-being score of household ℎ if it achieved the minimum standard in the indicator p of the dimension m but not in the indicator q of the dimension l. Then,
The ratio of the weights between and is therefore equal to the ratio of the changes in the well-being score due to obtaining the achievement in the former indicator rather than the latter, all the other indicators being constant.
Step3: identify the poor
Those households whose well-being score is lower than an arbitrarily chosen wellbeing threshold , with ∈ (0,1), are identified as poor. The poverty status of household h, ℎ , is defined as
Until now, we have solved the identification problem. The standard method to overcome the aggregation problem is to refer to the poverty incidence measured by the headcount ratio:
However, this index violates the dimensional monotonicity property, that is, other things being constant, if the shortfall 3 of those identified as 'poor' varies, the headcount index remains unchanged. As early as in the Sen's well-known paper on the ordinal approach to poverty measurement (Sen, 1976) , monotonicity has been listed as one of the most important axioms that a valid poverty index should satisfy. The adjusted headcount ratio M, proposed by Alkire and Foster (2011a) in the multidimensional framework, satisfies the monotonicity axiom by combining information on the incidence of the poor in the population with the degree of poverty among the poor. The former is measured by the headcount ratio ; the latter is measured by the average shortfall among the poor:
Formally, the adjusted headcount ratio is
which also represents the total shortfall experienced by the poor (
by the maximum shortfall that could be experienced by the entire population. In fact, when none of the households meet any minimum standard with respect to any indicator, ℎ =
The adjusted headcount ratio satisfies a range of desirable properties for poverty indexes 4 (see Alkire and Foster, 2011a) . In particular, the decomposability by dimension and country is of significant importance to policy makers.
Subgroup decomposability:
The overall poverty is the weighted average of subgroup poverty, where weights are subgroup population shares. Formally, suppose population can be divided into groups. Let be the population share of subgroup . Denote as the adjusted headcount ratio of subgroup , so we have = ∑ =1 . The contribution of subgroup to the overall poverty = / takes the population share into account.
3 Note that, in this paper, shortfall refers to the gap between the actual well-being score ℎ and the full well-being score (i.e. when all the minimum standards are met, and ℎ = 1) rather than to the gap with respect to the wellbeing threshold . 4 It satisfies the following properties: replication invariance, symmetry, poverty and deprivation focus, weak and dimensional monotonicity, non-triviality, normalization, weak rearrangement and decomposability.
Dimensional decomposability:
The overall poverty is the weighted average of the censored deprivation regarding each indicator, where the weights are the indicator-specific weights. The term "censored" is used to emphasize the fact that the indicator-specific deprivations of those who are classified as non-poor are not taken into account. Let be the censored deprivation of indicator belonging to dimension ,
the censored deprivation with respect to dimension is
and the overall adjusted headcount ratio can be written as
Therefore, the proportional contribution of deprivations in dimension to the overall poverty is = / . This offers a decomposition of by dimension and thus can shed light on the sources of poverty.
The influence of weights on multidimensional poverty assessment
One of the main ingredients of the Alkire and Foster's approach is the weighting structure adopted for the aggregation across different dimensions. Changing the weights potentially has influence on who is identified as poor, on the headcount and the adjusted headcount ratios, and on the dimensional as well as subgroup decompositions.
In this section we analytically investigate how the variation of the weighting scheme affects the adjusted headcount ratio and show that the effects of such changes cannot be unambiguously predicted in advance by looking only at the differences in the weights and at the outcomes of the households originally classified as poor. The analytical analysis shows that the households whose poverty status varies with the weighting scheme play a significant role in such changes: (1) their population share matters;
(2) their achievement statuses of all the indicators are relevant. Besides, the households who are always identified as poor play an active role. Both their share and their achievement statuses in the indicators with varying weights affect the variation in the adjusted headcount ratio.
Finally, from a policy perspective, we analogously show that a policy eliminating the deprivation with respect to the indicator associated with the highest weight is not necessarily the most effective anti-poverty strategy. Rather, policy makers should base interventions considering not only the weight of indicators but also the number of households who can exit poverty after the intervention as well as their outcomes.
Effects of weighting scheme variations on the adjusted headcount ratio
All other things being held constant, assume the weight of indicator increases from to ′ . We further assume, without losing generality, the weight of indicator decreases from to ′ : 5
For the generic household ℎ, the well-being scores before ( ℎ ) and after ( ℎ′ ) the change of weights, respectively, can be written as
We name the adjusted headcount ratio with the original set of weights and ′ its counterpart obtained with the new weighting scheme. Our aim is to analyze the determinants of the variation in the adjusted headcount ratio ∆ = ′ − .
Let us consider a generic household ℎ. In terms of the achievement status of indicator and , there are four possible combinations: � ℎ , ℎ � = {(0,0), (0,1), (1,0), (1,1)}. For those who meet the minimum standard in both or neither of the indicators, i.e. � ℎ , ℎ � =
(1,1) or � ℎ , ℎ � = (0,0) , we have ℎ = ℎ′ . That is to say, the change of weights in indicator and has no effect on the well-being score, let alone the aggregated poverty indices. Therefore, we only need to consider those households who meet the minimum standard in only one of the two indicators, i.e. � ℎ , ℎ � = (0,1) or � ℎ , ℎ � = (1,0). The households relevant for our purposes can be grouped into the following three cases.
Case 1: households entering poverty only after the change in the weighting scheme
This case can be observed only when � ℎ , ℎ � = (0,1). By contrast, if a household ℎ is not poor according to the original set of weights and has � ℎ , ℎ � = (1,0), its well-being score will increase by construction with the new weighting scheme and it will keep on being not poor.
The change in the contribution of household ℎ to the adjusted headcount ratio is
It is worth noting that Eq. (14) does not depend just on the new weight � ′ � on indicator but on the achievements and the corresponding weights for all the other indicators whose weights did not change across weighting schemes �∑ ℎ ≠ , �. This amounts to say that looking at the achievement and at the new weight for indicator is not sufficient to predict the variation in the contribution of household ℎ to the overall poverty measure.
Let us suppose that the number of households in this group is equal to → . If we focus on this group only, the variation in the adjusted headcount ratio is equal to
Finally, the aggregate contribution of all the households in this group to the overall variation in the adjusted headcount ratio due to change in the weighting scheme is
Case 2: households exiting poverty after the change in the weighting scheme
This case is possible only when � ℎ , ℎ � = (1,0). By contrast, if a household is originally classified as poor and the indicator in which it achieves the minimum standard is appreciated less, i.e. � ℎ , ℎ � = (0,1), it will be still classified as poor according to the new weighting scheme.
The change of the contribution of household ℎ to the adjusted headcount ratio is
Analogously to case 1, this variation is not only affected by the old weight on indicator � � but it is also affected by the achievements and corresponding weights for indicators whose weights do not change �∑ ℎ ≠ ,
�.
If this group includes → households and we focus on the variation in the adjusted headcount ratio for this group only, it can be defined as
The aggregate contribution of the households in the group to the overall variation in the adjusted headcount ratio is
Case 3: households who are poor under both weighting schemes
Unlike the former two cases, the variation in the contribution of the households in this group depends only on the achievements in the indicators whose weights vary and on the change in their weights.
Let us name → the sample size of this group, its variation in the adjusted headcount ratio variation is equal to
The aggregate contribution of the households in this group to the overall variation in the adjusted headcount ratio is
For sake of completeness, we point out that the contribution of all the households who are not poor according to both weighting schemes is null since
Now we are in the position of providing an analytical expression describing the determinants of the overall variation in the adjusted headcount ratio ∆ due to a change in the weighting scheme. Summarizing the results obtained so far in the case-by-case analysis, we can write
Even if we consider the simplest case in which only two weights change, the induced variation in the adjusted headcount ratio is not a matter involving only the weights that vary and the associated achievements � , ′ , , ′ , ℎ , ℎ � . Indeed, it depends on the summations of the achievements on the indicators whose weights are invariant calculated over the households who enter or exit poverty when passing from one weighting structure to
, respectively). Moreover, the proportion of households changing poverty status ( → and → ) as well as the proportion of those staying in poverty ( → ) matter. The ∆ 1 terms then reflects a composition effect driven by the households who change their poverty status from one weighting scheme to the other. The term ∆ 2 is instead driven by the changes in the weighting scheme and the outcomes of the households who are poor regardless of the weighting scheme used.
Consequently, it is impossible to predict the sign of ∆ without knowing the underlying distribution of all the indicators and identifying the set of households remaining poor and the sets of those switching their poverty status.
Finally, there are two more remarks on the Eq.(23). Firstly, it holds regardless of the relationship between and . Put differently, even if we further assume > , i.e. we shift weight away from the indicator that has already weighted relatively less to the one that has already weighted more, the sign of ∆ will still be determined by Eq.(23). Secondly, it holds even when more than two weights are allowed changing and then the entire vector of weights changes from to ′ . Although the structure of → ′ , → , → ′ , → will change according to the variation in the weighting structure object of study, these factors will still be combined according to Eq.(23) in order to identify the variation in the adjusted headcount ratio.
Effects of the weighting scheme on the design of anti-poverty interventions
Policy makers might be interested in selecting the indicators, or the set of indicators, on which they should intervene to set-up the most efficient anti-poverty intervention. We show that in a multidimensional framework choosing the set of such indicators being based on indicator weights only might lead to inefficient programs. It turns out that providing relief for the deprivation in an indicator with a higher weight is not necessarily more effective to reduce the adjusted headcount ratio than providing relief in an indicator with a lower weight.
Let us consider the simplest case in which the intervention is focused on a single indicator . The policy consists of making all households in the population able to achieve the minimum threshold. Our aim is to predict the variation in the adjusted headcount ratio due to this policy. If we name 0 the adjusted headcount ratio before the intervention and 1 its counterpart after the intervention, Δ = 1 − 0 is the variation of interest.
For the generic household ℎ, the well-being scores before ( ℎ 0 ) and after ( ℎ 1 ) the intervention in indicator , respectively, can be written as
The change in the contribution to the variation in the adjusted headcount ratio is null if the household, albeit poor before and after the intervention, meets the minimum standard in indicator before the intervention since its condition is unchanged by the intervention. Also, the contribution to the adjusted headcount ratio of the households which are not poor before the intervention is null, regardless of the original achievement status in the indicator . By construction, the intervention cannot make them poor. To sum up, only those households who did not meet the minimum standard of indicator and were identified as poor before the intervention are able to contribute to reduce the adjusted headcount ratio after intervention.
They can be grouped into two cases.
Case 1: households still in poverty after the intervention
Assume household ℎ meets the minimum standard with respect to the indicator p after the intervention, but this is not sufficient to make it escape from poverty. The change of household ℎ's contribution to the adjusted headcount ratio is
If this group consists of → households, their contribution to the overall variation in the adjusted headcount ratio will be equal to − → (26)
Case 2: households exiting poverty after the intervention
The change of the contribution of household ℎ in this group to the adjusted headcount ratio is:
Suppose the number of households in this group is → , their variation in the adjusted headcount ratio is
The aggregated contribution of this group to the overall variation in the adjusted
Therefore, the overall change in the adjusted headcount ratio due to the policy support in indicator is
If the government is aimed at reducing the adjusted headcount ratio, it should focus on the indicator maximizing the whole term in brackets, that this is not necessarily the one with the highest weight. Clearly, the second term in the brackets is larger the higher is the number of households exiting poverty thanks to the intervention. This suggests that policy maker should also be concerned with identifying those indicators whose relief maximizes the exits from poverty and not restrict the attention to the weighting scheme.
Deriving weights with the hedonic approach
The hedonic approach of deriving a weighting scheme is hybrid since it combines value judgements about trade-offs among dimensions, as it is typical in the normative weighting, with statistical facts. We follow Fleurbaey et al. (2009) and use life satisfaction selfassessments of respondents to elicit value judgements about trade-offs between well-being dimensions. A widely used approach to measure well-being in applied research is to ask individuals to evaluate their life satisfaction according to a predetermined scale, e.g. by answering the question "How satisfied are you with your life in general?". Self-assessments are measured according to an ordinal scale, such as "Very dissatisfied", "Dissatisfied", "Neither satisfied nor dissatisfied", "Satisfied", "Very satisfied". Frey and Stutzer (2002) and Dolan et al. (2008) survey the main findings of the empirical research on the determinants of life satisfaction self-assessments.
We estimate a first set of hedonic weights by running an ordered probit regression having the life satisfaction self-assessments of individuals as dependent variables and their achievements with respect to the well-being indicators considered as explanatory variables.
We indicate the standardized weight for indicator in dimension with . This is retrieved from the corresponding estimated coefficients ̂ in the ordered probit equation by (Schokkaert, 2007) . In psychometrics such heterogeneity has been called differential item functioning (DIF). If DIF is an issue, life satisfaction self-assessments fail to be comparable across individuals or socioeconomic groups since their differences might not reflect actual differences in well-being but only differences in the reporting styles 2. Carry is 72 years old and a widow. Her total after tax income is about € 1,100 per month 6 .
She owns the house she lives in and has a large circle of friends. She plays bridge twice a
week and goes on vacation regularly with some friends. Lately she has been suffering from arthritis, which makes working in the house and garden painful. How satisfied with her life do you think Carry is?
Respondents' evaluations of vignettes are recorded according to the same response scale used for their self-assessments ("Very dissatisfied", "Dissatisfied", "Neither satisfied nor dissatisfied", "Satisfied", "Very satisfied").
The situations described in the vignettes do not vary across respondents, who are also explicitly asked to evaluate the vignettes according to their own preferences. Differences in the evaluations of the anchoring vignettes can be ascribed to the heterogeneity in the reporting styles of respondents and be of use to filter the life satisfaction self-assessments of respondents from DIF as long as respondents use the same reporting style when assessing the life satisfaction of themselves and of the hypothetical individuals described in the vignettes (response consistency) and the life satisfaction of the hypothetical individuals in the vignettes is on average perceived by respondents in the same way (vignette equivalence).
More specifically, we analyze the determinants of life satisfaction and control for the presence of DIF by the hierarchical ordered probit (Hopit) model introduced by King et al. (2004) . This econometric specification consists of two components modeling self-assessments and vignette evaluations as ordered variables.
Self-assessment component
Let * be the life satisfaction perceived by individual = 1, … , and assume that it comes from a linear combination of individual characteristics stored in the vector and an error term ~(0,1) independent of , * = +
where is a vector of unknown parameters. In our case, the vector includes the wellbeing indicators as well as the household and individual characteristics used to derive the second set of hedonic weights.
Although * cannot be observed, we know individual's life satisfaction selfevaluation , which is coded as an ordered discrete variable spanning from 1 ("Very dissatisfied") to 5 ("Very satisfied"). We can write
The thresholds are individual-specific and depend on the individual characteristics
where are vectors of unknown parameters. The set of thresholds formally allows individuals with different characteristics to provide different self-evaluations Y despite the same perceived level of life satisfaction * . The Hopit model can then be seen as a generalization of the standard ordered probit specification, which restricts the thresholds to be invariant across individuals and implicitly assumes that reporting styles adopted by individuals do not depend on their own characteristics.
The information conveyed by life satisfaction self-evaluations is not sufficient to disentangle the effect of the individual characteristics on * and their effect on the thresholds . To achieve this goal, we make use of vignette evaluations.
Vignette evaluation component
Let * be the life satisfaction of the hypothetical person in vignette = 1,2 perceived by individual . We assume that * = +
~(0, 2 ) and is independent of and . The parameter is assumed to be vignettespecific and invariant across individuals. This restriction follows from the vignette equivalence assumption, according to which respondents have the same perception of the life satisfaction of the hypothetical person in the vignette, up to an individual idiosyncratic error term.
Again, we cannot observe the perception * but we know the evaluation , defined as = if −1 ≤ * ≤ , = 1, … ,5
The thresholds are those used to derive the life satisfaction self-assessments. This results from imposing the response consistency assumption, which ensures that respondents use the same reporting style when evaluate themselves and the hypothetical persons in the vignettes.
The self-assessment and vignette evaluation components are connected by the use of the same set of individual-specific thresholds . This implies that we can combine the information relevant to estimate these two specifications in order to identify all the parameters of interest in the Hopit model. Along the lines of King et al. (2004) , the joint estimation can be carried out by maximum likelihood techniques. Life satisfaction selfevaluations serve to identify the parameters in H , as it would happen if we were estimating a standard ordered probit equation, whereas the vignette evaluations are needed to identify , = 1,2 and , = 1,2,3,4.
Once the Hopit model has been estimated, we derive a third set of standardized hedonic weights for the well-being indicators being based on the estimates of their coefficients in the vector . This vector of hedonic weights is expected to reflect the relationships between achievement in the indicators and well-being once their effect on reporting styles in life satisfaction self-assessments has been filtered out.
Data, dimensions, indicators and thresholds
In Different multidimensional poverty indexes consider alternative sets of dimensions due to differences in theoretical perspectives, reference population and data limitation.
Material deprivation, health conditions, educational attainments, empowerment, labour market participation, environmental quality, safety from violence, and social relationships are all relevant domains and their relevance has been assessed for the European Union population (Eurostat 2012) .
In our illustrative exercise we focus on a representative sample of elderly respondents living in ten European countries and we consider three dimensions to represent the main drivers of their well-being: economic situation, housing and health conditions. The economic dimension is meant to describe the monetary resources available to the household. It includes two indicators: per-capita net income and per-capita net wealth. The thresholds for income and wealth indicators are set equal to 60% of the country specific median values. By doing so, we follow Stiglitz's Commission suggestions to consider both income and wealth. The housing dimension has one indicator, a measure of accessibility of the dwelling given by the number of steps people have to climb up and/or down to the entrance of their home. The architectural barriers of the accommodation are potentially relevant for the population we consider, as ageing is often accompanied by limitation to the mobility. In our sample, 44% of respondents report limitations with mobility, arm functions and fine motor function. This percentage is higher than 50% for Belgium, Czech Republic, Greece and Italy. We considered also some overcrowding indicators, but, once controlled for others dimensions, none of them proved to have any significant effect on the self-assessed life satisfaction of the households.
Unfortunately we do not have information on the quality of the neighbourhood for most of the estimation sample. Finally, we use three indicators for the health domain: the presence of chronic diseases (in a list of 17 diseases) and the number of limitations with the activities of daily living (ADL, that is dressing, walking across a room, bathing or showering, eating, getting in and out of bed, using the toilet) to take into consideration physical health, and the presence of depression symptoms (EURO-D caseness, see Prince et al. 1999) for what concern mental wellbeing. Table 1 summarizes the details about the dimensions, the indicators and the corresponding thresholds used to define the presence of deprivation. Rephrasing Alkire and
Foster's (2011b) words, the aim of our empirical exercise is not to suggest that this set of indicators, dimensions and cut-offs is appropriate in every application. Rather, the aim of our illustrative exercise is twofold. On the one hand, we aim at describing the effects of changes in weighting schemes on the outcomes of the multidimensional poverty analysis run according to the Alkire and Foster's methodology on a sample of elderly individuals living in ten European countries. On the other hand, we want to assess the robustness of the results obtained with hedonic weights based on respondents' life satisfaction self-assessments once the heterogeneity in reporting styles is formally taken into account. The proportion of households who meet the minimum standards with respect to single indicators ranges between 44.5% for the presence of chronic diseases to 86.3% for the presence of impediments with the activities of daily living. It is important to notice that the indicators are only weakly correlated between them (Table 2) . This suggests that the information conveyed by the dimension considered is not redundant. In addition to the thresholds of the indicators ( ), the overall well-being threshold plays an important role in this multidimensional poverty framework. Unlike the thresholds of the indicators that can be mostly determined by convention, the choice of seems more arbitrary and less grounded since it works across the dimensions where general understanding is hard to be applied. One possible method is to choose it on the basis of the specific policy goals or interests of evaluation (Alkire and Foster, 2011a) . We take 0.6 as the default well-being threshold in all the analysis and conduct a sensitivity analysis of the robustness of the results with respect to the choice of this parameter.
Results

Life satisfaction and hedonic regression
To set the hedonic weights, we exploit the individual question about life satisfaction in general. The top panel of Table 3 shows that about 77% of the interviewed individuals declared to be satisfied or very satisfied, while 5.4% declared to be dissatisfied or very dissatisfied. The lower panel provides a first insight on the relation between achievements and life satisfaction. For each indicator, we compute the risk ratios for each level of life satisfaction, that is, the ratio of the probability to reach a given level of satisfaction for individuals living in households falling below the minimum standard, over the same probability for those living in households reaching this standard. It is therefore possible to appreciate that the percentage of income-poor individuals declared to be very satisfied with their life is only 3/4 of those whose income is above the income threshold. Viceversa, the percentage of dissatisfied among the income-poor is the double of those with higher income.
The differences between being below and above the thresholds of indicators are even more striking when focusing on the health indicators, suggesting a prominent role played by the health dimension on the overall life-satisfaction of the individuals. As explained in the Section 4, the Hopit model can be seen as a generalization of the standard ordered probit model in that the thresholds used to provide self-assessments will be allowed varying with respondents' characteristics. This is made possible by exploiting the information provided by the vignette evaluations. We estimate the hedonic weights using three different specifications: (1) a standard ordered probit model with only the indicators referring to the dimensions introduced above;
(2) we augment (1) by including a full set of observable household and individual characteristics: country of residence, gender, age, presence of a cohabiting partner, children, and grandchildren, employment status, involvement in social activities, education, home ownership, type of the area the accommodation is located in, season at the time of the interview (see Table A .1 in Appendix for the descriptive statistics); and (3) we use the additional information coming from the anchoring vignettes in our dataset and we estimate an Hopit model. (Table A .2 in Appendix) for all the specifications show that the indicators are strongly correlated with the self-reported life satisfaction and that demographic characteristics play a significant role. Life satisfaction exhibits remarkable cross-country heterogeneity, it is higher for women, it is at its minimum among individuals aged between 50 and 55, which is consistent with Blenchflower and Oswald (2008) and de Ree and Alessie (2011) . Further, life satisfaction increases with the presence of a cohabiting partner, the involvement in social activities and with being at work or retiree instead of out of work due to reasons other than retirement.
The regression results
In general, these estimates confirm the necessity to "clean" the well-being function in order to identify the relevant components as suggested by Shokkaert (2007) .
When we use the Hopit model to control for the possible effect of the heterogeneity in response styles due to differential item functioning (DIF), we have two relevant results.
First, the effects of the achievement indicators on life satisfaction change with respect to the previous standard ordered probit. Given the non linearity of the models, such changes can be better appreciated looking at the variation of the probability of being satisfied or very satisfied when the indicators switch from deprivation to achievement. Table 5 shows that, according to the basic ordered probit model, the average effect of enjoying a sufficient level of net income is an increase of 7.73%, the same quantity is reduced to less than the half when the demographic variables are introduced and it equals 3.98% if the heterogeneity in response styles is taken into account. Similar remarkable differences are present also for all the indicators, with the exception of per-capita net wealth.
The second result concerns the response style heterogeneity. This is correlated with country and seasonal dummies, age, the presence of a cohabiting partner, employment status, home-ownership, the type of area in which the accommodation is located and some of the achievement indicators. Overall, our results confirm the evidence provided by Angelini et al. (2012 and in press ) that there is heterogeneity in the response styles. Therefore, the estimation of the hedonic weights can be biased if such heterogeneity is neglected. 
Comparing alternative weighting schemes
The five sets of weights are presented in Table 6 . We set the equal weights mimicking the Human Development Index and Multidimensional Poverty Index, that is, the three dimensions have the same relevance and the indicators share the same weight within each dimension (UNDP, 2011) . For the frequency weights, we follow Desai and Shah (1988) to set the weight of every indicator as the proportion of the non-deprived households in the sample 9 .
As compared with the equal weighting scheme, the frequency one reduces the weight of the housing domain from 1/3 to 0.194 in favor of the health conditions, whose weight goes from 1/3 to 0.464. The weights attached to the economic conditions remain almost unchanged.
As compared with frequency weights, the hedonic approach doubles the weight of the EURO-D indicator to about 30%, and in general it increases the prominence of the health domain.
The overall importance of the economic domain is reduced between 17.3% and 27.2%, mainly due to a sharp decrease of the weight associated with the per-capita income indicator.
When the observable characteristics of the respondents are taken into account (last two columns) the accessibility of the accommodation loses its significance.
Each weighting scheme gives origin to a different well-being score, with its own empirical distribution and therefore potentially with different incidence of the poverty for any given poverty threshold . Table 7 shows some relevant percentiles of the distribution of the multidimensional wellbeing score obtained under the alternative weighting schemes considered. The percentiles of the well-being score distribution under equal weights are barely distinguishable from those under frequency weights. Also, the lowest percentiles under equal and frequency weighting are almost always higher than their counterparts obtained under hedonic weighting, at least up to the 40 th percentile. This implies that for almost any sensible value of the poverty threshold , the headcount ratio will be lower with the equal and the frequency weight schemes than with hedonic weights. Our choice of setting = 0.6 as benchmark implies that we will classify as poor approximately one third of the households in our sample under all weighting schemes.
The well-being scores are highly correlated to each other. In particular, the pairwise correlations of the scores based on the three sets of hedonic weights lies around 98%. The pairwise correlations between the frequency weight score and the hedonic ones are around 90%, and those between the equal weight score and the hedonic ones range between 76% and 85% (Table 8 ). We are now in the position of comparing the aggregated poverty index. By setting the poverty threshold = 0.6, the commonly used headcount ratios vary between 23.8% of the equal weights and 31.7% of the hedonic weights with the vignettes, whereas the corresponding adjusted headcount ratio ranging between 13.6% and 18.8% (see Table 9 ). Despite the fact that the level of the adjusted headcount indices is similar across alternative weighting structures, the relative contribution of the dimensions is remarkably different. Consider the health dimension: its contribution to the overall level of the adjusted headcount index is measured by the ratio ℎ = ℎ / , which is 51.9% for the frequency weights and 77.5% for the hedonic weights taking the heterogeneity in response styles into account (Table 9 ). As for the economic condition, its relative contribution is 35.5% with frequency weighting and reduces to 12.3% with hedonic weighting based on an ordered probit model allowing for household and individual characteristics but neglecting response heterogeneity. This variability magnifies for the housing dimension: it explains more than one third of poverty under equal weighting but only 3% under the hedonic weighting based on the Hopit model. Besides, the differences between subgroups can be affected by the weighting structure too (Table 10 ). If we look at the Panel A of the table, although Italy always results to have the highest level of adjusted headcount ratio, Germany has an adjusted headcount ratio that is only 8% lower than the Italian one under equal weighting, but more than 30% lower under hedonic weighting. For France the adjusted headcount ratio is 55% lower than that of Italy under equal weighting but this differential shrinks to 31% when hedonic weighting based on Hopit estimates is considered. When turning our attention to Panel B, we also find that the households where the oldest member is aged 55 or less experience the lowest level of poverty, whereas those in which the oldest member is aged 76 or more the highest. However, while the adjusted headcount ratio of the youngest households is 40% lower than the one of oldest households under equal weighting, this reduction lies around 60% for the remaining weighting schemes. In Panel C we looked at the poverty variation by household size, which is measured according to the OECD modified equivalence scale. We find analogous inconsistencies. The poorest households are on average always those consisting of one adult only. Still, if we consider the households consisting of two (equivalent) adults, we find that their adjusted headcount ratio is 35% lower under equal weighting and only 6% lower under hedonic weighting based on Hopit estimates.
It is worth pointing out that, once household and individual characteristics have been taken into account in the estimation of hedonic weights, allowing for heterogeneity in response styles does not lead to dramatic variations in either the H and M indexes or the poverty decomposition by dimension and group. Although controlling for reporting styles has been proved to be an issue in modeling life satisfaction self-assessments, in our case the results related to hedonic weighting structures seem to be overall robust to the way individuals interpret life satisfaction response scale. 
Decomposing the variation of M due to different weighting schemes
The Eq.(23) in Section 3 shows that the variation in the adjusted headcount index originated by the change in the weighting scheme can be decomposed in two components: ∆ 1 , which depends on a composition effect driven by the sets of households switching their poverty status with the weighting scheme used, and ∆ 2 , which depends on the mere variation in the weights vector and it is based on the set of households classified as poor regardless of the weighting scheme used. (3) and (4) inform that abandoning the equal weights for any other weighting scheme is associated with a substantial change of the set of households regarded as poor. If we consider the change from equal weighting (indexed by 1 in the table) to hedonic weighting based on the Hopit estimates (indexed by 5), 9.43% of the households in the sample exit poverty, 17.29% of the households enter poverty and 14.36% remain poor. As a consequence, despite the fact that → and ′ → are quite similar (see columns 6 and 7), the component ∆ 1 is dominant and explains 84% of the variation in the adjusted headcount ratio. This also provides empirical evidence that the households whose poverty statuses vary with the weighting scheme play a significant role. However, the sets of poor households are more stable for changes between the other weighting schemes. In particular, the set of poor households identified using the hedonic weights obtained by taking into consideration the role of the covariates (scheme 4) is almost identical to the group of poor families identified when also response style heterogeneity is taken into account (scheme 5): only around 1% of the household change the poverty status. This finding, combined with the small changes in the estimated weights reported in Table 6 , clearly shows the robustness of the results obtained under hedonic weighting to relaxing the assumption of invariance of reporting styles in life satisfaction self-assessments. under all the hedonic weighting approaches considered. As noted before, allowing for heterogeneity in reporting styles in the calculation of hedonic weighting does not lead to remarkable differences in the results. 
Differences in policy prescriptions due to different weighting schemes
Sensitivity analysis
Any assessment of the effect of the change of the weighting scheme on the headcount and adjusted headcount ratios depends on the choice of the poverty threshold. In order to appreciate to what extent our empirical conclusions are robust to changes in , we repeat the analysis setting = 0.47, that is the 60% of the median of the well-being score computed with the equal weights. As expected, the reduction in the poverty threshold causes a decrease in both the headcount and the adjusted headcount ratios (see Table 13 ). More interestingly, the dimensional decomposition delivers results very similar to our benchmark case. For what concern the components of the change ′ − , the role of ∆ 1 is even more relevant than in the benchmark case (see Table 14 ).
Finally, in the estimation of the hedonic weights, the different number of indicators within each dimension may potentially affect the overall relevance of each dimension, and therefore the conclusions of the decomposition analysis. In particular, the overall weight of a dimension may increase with the number of indicators considered. We thus run a robustness check in which we estimate the weight of the entire dimension and constrain each indicator to have the same weight within the dimension. This is done by replacing the indicators in the ordered probit and Hopit specifications with their averages by dimension. By doing this, we estimate the same number of parameters (i.e. one) for each dimension. The estimated coefficients on the dimension averages of indicators deliver the dimensional unstandardized weights. Then, all the indicators within a given dimension equally split the dimensional weight and are finally standardized. The estimated vectors of weights can therefore be interpreted as a constrained version of the benchmark hedonic weights. The new vectors of weights are shown in Table 15 , with the corresponding headcount and adjusted headcount ratios for = 0.6 in Table 16 . The constrained versions of the hedonic weights confirm the emphasis on the health dimension as well as the results coming from the dimensional decomposition of the adjusted headcount ratio.
Conclusions
Using multidimensional poverty measures instead of simple monetary poverty indicators is now a standard practice. The increase in the number and heterogeneity of the dimensions makes the weighting scheme a key ingredient of the poverty assessment. In this paper we carry out a multidimensional poverty assessment framed in the approach proposed by Alkire and Foster (2011a) to show to what extent the outcomes of a multidimensional poverty analysis are robust to the change in the weighting scheme adopted.
We analytically show that a change in the weighting structure has an effect on the overall poverty assessment that cannot be unambiguously predicted by looking at the change in the weights and at the outcomes of the households originally classified as poor. In fact, the effect depends on the sample size and the outcomes of the households changing their poverty status from one weighting scheme to the other and of those that are classified as poor according to both weighting schemes. This result stresses that in Alkire and Foster's framework, everything else constant, different weighting schemes vary the set of poor households and then they lead to different results in terms of dimension and subgroup decompositions. Consistently, we show that different weighting schemes deliver different prescriptions for anti-poverty policies whose effectiveness is assessed with respect to the reduction of the adjusted headcount index. Policy makers should choose the dimensions to target by considering not only the weights of indicators but also the number of households who could exit poverty thanks to the intervention.
To analyze empirically how alternative weighting schemes impact on the results of a multidimensional poverty analysis, we draw data from the second wave of SHARE, a multicountry survey administering a multidisciplinary standardized questionnaire to a representative sample of individuals aged 50 or over and living in Europe. We apply the Alkire and Fosters' approach to our data and consider three dimensions. We measure the economic condition by looking at income and wealth, the housing condition by a measure a dwelling accessibility based on the number of steps respondents have to climb up and/or down to enter their accommodation and the health condition by looking at the presence of chronic diseases, difficulties in activities of daily living (ADL) and mental health. characteristics. However, there is an increasing literature investigating the effects on the comparability of self-assessments across individuals produced by the heterogeneity in the way they interpret the scales according to which such self-assessments are provided. As long as individuals with the same level of well-being interpret the life satisfaction scale differently and provide different evaluations, the comparison between their self-assessments may give a picture of genuine well-being differentials blurred by heterogeneity in reporting styles. We take advantage of the second wave of SHARE to develop a third set of hedonic weights based on Hopit regressions of life satisfaction self-assessments, which formally take into account the variability of response styles across individuals by means of an anchoring vignette methodology (King et al., 2004) .
Our results show that changes in the weighting scheme produces substantial differences in the set of households classified as poor. In particular, households who enter or exit poverty when passing from equal weighting to hedonic weighting explain most of the variation in the overall poverty assessments. In addition, when we look at the contribution of each dimension to the overall poverty level, we find that they widely change across weighting structures. For instance, health explains 51.8% of the overall poverty with frequency weights and more than 83.5% with hedonic weighting based on regressions allowing for the heterogeneity in reporting styles. This variability is also confirmed when looking at the other dimensions. Changing weighting scheme has an effect on the comparisons of poverty levels by country, age and household-size. Our estimates show also that omitting to condition on observable characteristics when estimating the hedonic weights from a life satisfaction regression equation can lead to a distorted weighting structure. Although our empirical exercise confirms that the heterogeneity in response styles is an important issue in modeling life satisfaction self-assessments, it does not highlight significantly differences in neither the level nor the decomposition of the poverty index based on the hedonic weights.
Finally, for each indicator considered, we carry out counterfactual simulations based on our data and on the weighting schemes considered to analyze the effectiveness of hypothetical anti poverty interventions consisting of making all households not deprived for such indicator. We find that changes in the weighting scheme significantly affect the results of these hypothetical policies. As an example, we find that according to frequency weighting the ADL indicator receives the highest weight, still an intervention removing ADL deprivation in the population turns out to be the least effective. Also, removing problems of dwelling accessibility in the whole population reduces poverty by 57% according to the equal weighting but only by 6% under the hedonic weighting allowing for heterogeneity in reporting styles. Although our empirical results can be affected by the selected sample we use and by the settings we adopt to implement the general Alkire and Foster's approach, they clearly warn us that the choice of the weighting schemes is not innocuous for the outcomes of a multidimensional poverty analysis. Comparisons of poverty across groups and policy evaluations based on this framework should then take into account this issue in order to provide meaningful and reliable conclusions. 
